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TENG aNd HaO incidence rates being 10 times higher than the national average. 5 Cervical intraepithelial neoplasia (CIN) is the precancerous lesion of the cervix, which is related to invasive cervical cancer, caused by persistent infection of high-risk human papillomavirus (hrHPV). 6, 7 The progression from CIN to cervical cancer needs about 8-12 years, so cervical cancer is a preventable disease. 8 Risk prediction should be the first step in the prevention of cervical cancer. Population-based cervical cancer research in several Western countries have been reported. Risk factors for CIN and cervical cancer include socioeconomic status, race, smoking, younger age at first intercourse, high parity, and oral contraceptive use. [9] [10] [11] However, relatively little is known about nonbehavioral factors that influence the risk of CIN.
Recent studies have suggested that the occurrence of CIN is related to the lactobacillus in the vaginal microenvironment. 12, 13 The vaginal microenvironment, such as the presence of lactobacilli and an acidic vaginal pH, are critical components of the vaginal defense system. 13 Vaginal Lactobacillus can maintain and activate the immune function by holding an acidic environment in the vagina, which can reduce the incidence of cervical cancer. 14, 15 A few recent case-control studies of squamous intraepithelial lesions (SIL) or CIN, including a relatively small number of subjects with high grade squamous intraepithelial lesions (HSIL) or CIN3, have prompted that the elevated vaginal pH is related to the detection of HPV and SIL in certain age groups after adjusting for the effect of HPV. 16 Although the mechanisms for these associations are not entirely understood, vaginal pH may be able to become a risk predictor relating to CIN.
In healthy, reproductive-aged women, vaginal pH is primarily determined by the lactic acid produced by the metabolically active epithelium and from Lactobacillus species that dominate the vaginal microflora and produce lactic acid from anaerobic glycolysis. 17 A vaginal pH range of 3.8-4.5 is considered normal for premenopausal women. 18 After menopause, this rise in vaginal pH is associated with a loss of natural epithelial defenses. 19 A large-scale population-based study has confirmed that vaginal pH rises with age, starting in the peri-menopausal age range. 20 Besides, the risk of HPV infection may be exacerbated by an age-related attenuation of the immune response and reductions of the natural immune defenses of the skin, typical of menopause. 20, 21 However, there have been limited population-based studies on age-related vaginal pH, and the risk of CIN and previous studies have been severely limited by a lack of control for HPV infection. The firm association between age-related vaginal pH and the risk of CIN is warranted to investigate.
Therefore, our study estimated the relationship between vaginal pH change and the risk of CIN, with attention to possible differences between women in varying age groups in Shanxi in 2014 (Shanxi CIN Cohort), and purposed to reduce cervical cancer incidence and mortality.
| MATERIALS AND METHODS

| Study participants
Between June 2014 and December 2014, 40,000 women aged 19-65 years who were long-term (≥5 years) residents of the Yangqu and Jiexiu regions of Shanxi Province completed questionnaires and underwent examinations for vaginal pH, HPV, and liquid-based cytology (LBC). Colposcopy and histopathologic analysis were performed using LBC for atypical squamous cells of undetermined significance (ASC-US) and above stages. All processes were implemented under doubleblind conditions. Among 2769 women diagnosed with ASC-US or above, 10 were excluded for cervical gland cell abnormalities, and 68 refused a biopsy. Among 1890 patients with negative cervical biopsy results, 387 were excluded owing to incomplete data. A final total of 2304 patients were analyzed; these included 1503 who were CIN-negative, 564 with CIN1, 171 with CIN2, 47 with CIN3, and 19 with squamous cell carcinoma (SCC). The study was approved by the Ethics Committee of our institution; all participants provided written informed consent. A standardized structured questionnaire was administered to each participant through an in-person interview to collect information on demographic factors, smoking and alcohol consumption, menstrual, maternal, and other medical histories.
| Demographic characteristics and identifying factors related to cervical lesions
Face-to-face interviews were conducted by qualified investigators using standardized questionnaires that collected demographic data; alcohol drinking and smoking habits; and menstrual, maternal, and other medical histories.
| Liquid-based cytology
All subjects were required to abstain from sex, vaginal lavages, and medications for 48 hours. Pap smear detection was performed using LBC (Lituo Biotechnology). Two cytopathologists evaluated according to the revised Bethesda system (2001). ASC-US and higher-stage lesions were reviewed by senior physicians who were unaware of the original pathological findings.
| HPV genotyping
Genotyping was performed using a flow-through hybridization kit (HybriBio Ltd) that can detect 21 types of HPV including 15 high-risk types (16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66 , and 68) and six low-risk types (6, 11, 41, 42, 44, and 81).
| Colposcopy and histopathology of cervical tissue
Within 12 weeks after the Pap smear examination, a gynecologist at our hospital performed a colposcopy (SLC-2000 device; Shenzhen Goldway Company). The 
| Vaginal pH detection
All participants were instructed to abstain from sexual intercourse and not perform vaginal lavage or take medications for 48 hours prior to the sampling. Vaginal pH levels were measured and scored using Vaginitis Multi-Test kits (Drying Chemoenzymatic Method; Bioperfectus Technologies) according to the manufacturer's instructions.
| Statistical methods
The in the past 6 months. Statistical analyses were performed using the SAS software version 9.4 (SAS Institute Inc). All reported P-values are based on 2-sided tests; P < .05 is considered significant.
| RESULTS
| Main characteristics of study participants
2304 were included in this study, whose age at the time of visit range from 19 to 66 years. The main features of study participants by vaginal pH level were summarized in Table 1 . Women with high vaginal pH were older [55 (50-59) years], had lower yearly family income, while less likely to have high-risk HPV infection than those low-pH women. There were no significances in smoking status, drinking status, and clean the vagina (P > .05). Figure 1 shows the percentage of women with a vaginal pH constitution by age. The majority of younger women (≤50 years old) had a pH ≤ 4.5 (29.4%-34.5% for each age group) while a relatively low percentage had a pH > 5.0 (12.5%-27.5%). On the other hand, almost half of older women (>50 years old) had a pH of at least 5.0 (43.1%-60.3%) and a relatively higher percentage of these age groups compared to younger women. Besides, the detailed distributions of vaginal pH levels in different CIN pathological types were given in Figure 2 with a violin plot. During the four CIN pathological types, the median of vaginal pH level rose in advance then fell with the development of CIN (P < .05).
| Effects of high-risk HPV infection or vaginal pH level on the development of CIN
The odds ratios (ORs) and 95% confidence intervals (CIs) for the effects of high-risk HPV infection or vaginal pH levels on the development of CIN were presented in Table 2 . After adjusting covariates, a positive association was showed between high-risk HPV infection and the development of CIN [OR (95% CI) = 4.03 (2.87-5.66) for CIN2; OR (95% CI) = 4.75 (3.52-6.40) for CIN2+; OR (95% CI) = 7.30 (4.10-13.00) for CIN3+], while a negative association was showed between vaginal pH level and CIN3+ [OR (95% CI) = 1.04 (0.59-1.84); high vs low: OR (95% CI) = 0.32 (0.15-0.69), P = .002]. The significant effects of vaginal pH level on CIN3+ were also observed in older (age > 50) women [OR (95% CI) = 0.20 (0.07-0.63); high vs middle pH: OR (95% CI) = 0.72(0.28-1.86), P = .005]. However, the effects of vaginal pH level on the development of CIN were not significant in other age women (P > .05). Figure 3 depicted the dose-response relationships between vaginal pH level and the development of CIN, which were performed with 3-knot (25th, 50th, and 75th percentiles) restricted cubic splines (RCS) functions. Results showed there were nonlinear associations between vaginal pH level and CIN3+ (P overall = .015, P non-linearity = .042). After adjusting for covariates, the association between vaginal pH level and CIN3+ were positive up to 4.7 and then fell, while the association between vaginal pH level and other CIN grade (CIN1, CIN2, CIN2+) was not significant (P > .05). The consistent results were not observed in different age women.
| Interaction effect of high-risk HPV infection and vaginal pH level on the development of CIN
We explored the interaction effect of high-risk HPV infection and vaginal pH level on the development of CIN (Table  3) 
| Mediation effects of high-risk HPV infection on vaginal pH level and the development of CIN
To assess whether hrHPV infection could influence the association between vaginal pH level and the development of CIN, we also estimated the effect of vaginal pH level on the hrHPV infection (Table 4 ). In the all-women of CIN1, CIN2, CIN2+, and CIN3+, an inverse association between vaginal pH level and hrHPV infection was found, and with the increase in vaginal pH level, the risk of hrHPV infection decreased gradually in four models (P < .001). The consistent results were observed in CIN1 and CIN3+ among younger women (≤50 years old).
Combining above-mentioned results, we have investigated the mediation effects of high-risk HPV infection on vaginal pH level and the development of CIN (Table 5) . A significant mediation effect of high-risk HPV infection was observed in the association between vaginal pH level with CIN2+ (P = .002) and CIN3+ (P = .004). The mediation
F I G U R E 3 Restricted cubic spline analysis between vaginal pH level and the development of CIN. Data were presented as odds ratio (OR)
and 95% confidence interval (95% CI) proportions of high-risk HPV infection were calculated 36.2% (95% CI: 11.4%-71.4%) for CIN2+ and 18.1% (95% CI: 7.8%-36.7%) for CIN3+. Furthermore, the mediation effects of high-risk HPV infection on vaginal pH level and the development of CIN among older (age > 50) women was approximate [CIN2+, OR (95% CI) = 40.7% (4.8%-90.4%), P = .026; CIN3+, OR (95% CI) = 15.9% (6.7%-33.4%), P = .018]. However, no significant associations between vaginal pH level with CIN1 or CIN2 in all age women, except CIN2 in younger (age ≤ 50) women [OR (95% CI) = 33.6% (4.5%-84.5%), P = .031].
| DISCUSSION
High-risk HPV infection was found to be positively related to CIN risk in our large study. There was also a significant negative correlation between vaginal pH and the risk of CIN3+. Women with hrHPV infection and middle pH (4.6-5.0) were more likely to develop CIN2+, CIN3+, than those with low pH and high pH. Results of RCS showed that CIN3+ has the highest risk when the vaginal pH is about 4.7. Moreover, subjects infected with hrHPV showed a significant mediation effect between vaginal pH level with CIN2+ and CIN3+, especially for older (>50 years) women.
The role of vaginal pH in cervical lesion pathogenesis remains unclear. The female vaginal microenvironment is dominated by lactobacilli, accounting for more than 90%. 18, 22 Lactobacillus, which can convert glycogen in the vaginal epithelial cells into lactic acid, maintain the vaginal pH at 3.8~4.5, meanwhile produce hydrogen peroxide and bacteriocin, etc, to keep the stability of the vaginal microenvironment. 22, 23 However, various infections, including bacterial vaginosis (BV), vulvovaginal candidiasis (VVC), trichomonas vaginitis (TV), and reduction in estrogen may cause abnormalities of the vaginal microenvironment, such as decreased lactobacilli, elevated vaginal pH, etc. [23] [24] [25] The abnormal vaginal microenvironment, which damages the vaginal mucosa and cervical epithelium, may enhance the continuous HPV infection, reduce the clearance rate of HPV, and ultimately increased the risk of CIN. 26, 27 Our results also indicated that the risk of CIN2+, CIN3+ was significantly increased when the vaginal pH > 4.5 (middle and high pH).
Persistent infection with high-risk human papillomavirus is sufficient but not necessary to cause CIN and cervical cancer. 28 HPV16 and HPV18 are the most common hrHPV types and are associated with approximately 70% of the incidences of CIN3 and cervical cancer in the world. 29, 30 However, studies on the distribution of hrHPV genotypes in Chinese women with CIN2+ are still limited. Our previous report demonstrated that HPV16 is the most prevalent hrHPV, 29, 31 followed by HPV58 and HPV33 32 in Chinese women with CIN2+, 33 which is different from the data of women from Western countries. Therefore, the distribution of HPV genotypes varies from country to country.
Our results show that the interaction between vaginal pH and hrHPV infection does not significantly increase the risk of CIN1. One potential explanation is that persistent hrHPV infection is necessary for CIN2+ development, 28 while CIN1 is mostly a transient infection, in which 60% of lesions were shown to subside within 1-2 years naturally, 30% persisted, and only 10% progressed. 34 If the hrHPV infection in most women subsides, a high vaginal pH level will likely not increase the risk of CIN1. Another explanation is that HPV-caused cervical lesions progress slowly to CIN2+ or cervical cancer (ie, 10-20 years or longer), and some CIN2+ lesions may actually resolve during this period. 34, 35 Our results were cross-sectional and did not include follow-up data; moreover, our follow-up time remains insufficient, given the long-term pathogenesis of CIN. Therefore, our data may not fully reflect the joint effect of vaginal pH and hrHPV on CIN1 risk.
The main limitation of this study may be its cross-sectional nature; therefore, establishing a causal relationship was not feasible. We will continue to assess the relationship between vaginal pH and CIN risk as the study is ongoing. Moreover, the data were only from areas of Shanxi Province and did not represent the entire Chinese population. 
| CONCLUSION
